A radiative transfer model incorporating, among other things, the recently measured centimeter wavelength opacity of H2S, the full line catalog of PHi, and absorption due to CO has been developed to study the tropospheric vertical structure of Neptune. To match radio-telescope observations, subsolar amounts of NH3 and supersolar amounts of H2S are found to be needed, as has been previously noted. To match both the measured microwave emission and the measured opacity at 13 cm and 6.3 bars by Voyager 2, an HzS dominant atmosphere (H2S/NH3 --_40) with enhanced PH_ (15 x solar) or NH3 supersaturation with respect to the putative NH4SH cloud (400 ppbv) seems to be indicated.
INTRODUCTION

Neptune
is the most distant of the jovian planets and hence has typically been the last to be scrutinized closely.
Voyager 2 made its closest approach to Neptune on August 25, 1989, from which we have learned much of what we know of the planet (see J. Geophys. Rev. 96, 1991 At high altitudes (P < 6.3 bars), the measured T-P profile (Lindal 1992 ) is used, and agreement is forced at 6.3 bars. For a more thorough treatment see, e.g., de Pater and Massie (1985) and Atreya and Romani (1985) .
Radiative Transfer Model
The 
where B,.(T) is Planck's radiation law, /Z = cos 0 is the cosine of the look angle (see de Pater and Massie 1985) , and r is the optical depth.
In general, the disk averaged brightness temperature of a planet, TD, is derived from averaging the brightness temperature distribution over the disk of projected area A,
where -q is the radial distance from the center of the disk and _0 is the azimuthal angle. Rv(O ) is the radius of the planet for a given pressure level. If 0 = f(/z, 0) and B,, (T, tL, 0) is independent of 0, this can be rewritten as [ B,.(T(r) )E2(r)dr
where
If the look angle weighting function is fit to an Nth-
i1 = l then the disk averaged brightness temperature for an oblate spheroid can be written as
To a high degree, Neptune can be considered a spherical planet and the spherical approximation may be used (de tance (see Table I ). We will briefly examine the sources of opacity, similar to previous studies (de Pater and Mitchell 1993). (given its structural similarity to PH3). Figure 1 shows the 10°. The infrared properties of NHB-ice have been measured by Sill et al. (1980) . The lowest frequency measured was 50 cm _(1500 G Hz) with a value of n" = 0.016. The real part has a value of n' _ 1.4 at 4 ttm. The complex refractivity of H2S-ice has also been measured down to 21 cm _, where n' = 1.15 and n" = 0 (Pearl, Sill and Ferraro, personal communication). For H2S liquid n' = 1.37 while n_H4SH = 1.74 (CRC, 1981) and n_'H_ = 1.309 (Baines and Hammel 1994).
H,_S
OBSERVATIONAL CONSTRAINTS
There are a number of observational results that can be used in order to constrain which of the models for Neptune may be valid. These include radio occultation results, which yield absorptivity and temperature-pressure profiles, and radio-emission measurements by large radio telescopes.
Once constraints on the emission and absorption have been set, modeling will attempt to best fit the data using the model developed in the previous chapter, by selecting different constituent distributions.
Of course, the solution obtained is not unique; however, by utilizing all of the available data, realistic constraints on the structure can be set. In this section, the observational constraints and their results will be introduced and discussed.
Radio Occultation
The first constraint is to match the physical temperature measured at the deepest point by the Voyager radio occul- Lindal attributed the absorption to gaseous ammonia and gives a nominal ammonia mole fraction of 500 +_ 150 ppbv.
Using Berge and Guikis (1976) , this corresponds to 8.2 x 10 4 _+ 2.4 × 10 -4 dB/km at the S band. However DeBoer and Steffes (1994) point out that H2S could also account for this absorption. Phosphine could also account for some amount of the measured opacity, as will be seen.
Radio-Emission
Another important set of constraints consists of the radio-emission observations from earth-based radio tele- 
Other Constraints
Based on work by Massie and Hunten (1982) fractions of 2-4% (see, e.g., Orton et al. 1986 , de Pater and Massie 1985 , Lindal 1992 . This work assumes 3% CH4. The modeling will be broken into two different distribution types, ammonia predominant atmospheres and hydrogen sulfide predominant atmospheres, which are discussed below.
RESULTS
400
Ammonia Predominant Atmospheres
If one assumes a strictly solar abundance atmosphere (see Table I ) 1, the result is an ammonia predominant atmosphere. The ammonia will deplete the hydrogen sulfide in the putative ammonium hydrosutfide cloud located near the 12-bar pressure level. In this case it is apparent that discrepancies exist at low frequencies (below 20 GHz) where the model spectrum is far too cold (see Fig. 2 ). This is due to NH3 present in the upper atmosphere. Figure 3 shows the T-P profile and cloud structure of distribution A, and Fig. 4 Curve B in Fig. 5 shows the spectrum of the same distribution as A but with phosphine enhanced 20× its solar value (distribution B) and has an absorption coefficient at 6.3 bars at the S band calculated to be 2.82 x 10 3 dB/ km, about 3.5 times that measured by Voyager. Curve C in Fig. 5 et al. 1991 et al. , 1993 et al. , Rosenqvist et al. 1992 while Guilloteau et al. (1993) 
Conch_sion.
By using the above four atmospheric constituents (NH3, H2S, PH3, and CO) one can fit the measured emission spectrum relatively well at all frequencies; however, the resulting 13-cm opacity still exceeds that measured at 6.3 bars in the ammonia dominant atmospheres. This situation worsens as one adds constituents to better fit the millimeter wavelength data (except CO), as has been shown. Decreasing the amount of ammonia to allow the S-band absorptivity to be matched destroys the spectral fit. Adding another absorber (e.g., phosphine)
to regain a good fit to the measured radio-emission spectrum then destroys the match to the S-band absorptivity.
It therefore appears that there is no ammonia predominant atmospheric distribution consistent with thermochemical modeling which can provide fits to the measured radio emission as well as to the measured absorptivity.
The following section will examine H2S predominant atmospheres to ascertain whether they can resolve the dilemma caused by the radio-emission and absorptivity measurements being apparently at odds.
Hydrogen Sulfide Predominant Atmospheres
By assuming that the abundance of H2S is greater than that of NH3 below the putative NH4SH cloud, the reliable and consistent constraining data points can be fit with an H2S predominant atmosphere. One such model assumes 40 times solar H2S, 20% solar NH3, solar H20, 3% CH4, and solar PH3 (distribution F). The resulting spectrum from this distribution is shown by curve F in Fig. 7 and has an S-band absorptivity at 6.3 bars of 4.39 x 10 -4 dB/km, which is below the lower limit of the measured absorption. Figure   8 shows the T-P and cloud profiles for distribution F.
Adding more H2S in order to better fit the absorption at 6.3 bars is ineffective since one is already on the H2S sphere, the effects of the other sources of opacity will be examined individually.
NH3 Supersaturation.
Adding ammonia supersaturations with respect to the NH4SH cloud has the relatively small effect of increasing the slope of the spectrum at centimeter wavelengths but does allow the 6.3 opacity to be fit arbitrarily well. Curve G in Fig. 7 shows the effect of 400-ppb supersaturation (distribution G), while the bottom graph shows the differential between F and G. Note that Lindai (1992) states that the measured absorption from the S-band radio occultation was due to about 500 
